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, , . , ,
, . Tanaka et al.
[11] , ,
. , Luhandjura [5] ,
, . , Sakawa et al. [10]
, , \alpha -
, $\alpha$- \alpha -
.
,
, , . ,
2 2 ( $\mathrm{b}\mathrm{i}$-criteria optimization problem)
, .
2.
, , . $R^{n}$ $n$
, $x\equiv(x_{1}, x_{2}, \cdots, x_{n})T\in R^{n}$ . , $x_{i}\in R,$ $i=1,2,$ $\cdots,$ $n$
, $T$ . $x,$ $y\in R^{n}$ , $\langle x, y\rangle$ .
, $x,$ $y\in R^{n}$ , $x\geqq y$ iff $x_{i}\geqq y_{i},$ $i=1,2,$ $\cdots,$ $n$ , $x\geq y$ iff $x\geqq y,$ $x\neq y$
.
2.1. $\tilde{a}$ $R$ , $\mu_{\tilde{a}}$
. , $c$ – ,
(i) $\mu_{\tilde{a}}(c)=1$ ,
(ii) $\mu_{\tilde{a}}$ $(-\infty, c]$ ,
(iii) $\mu_{\tilde{a}}$ $(c, +\infty]$
, a . $F$
.
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$a\in R$ $\chi_{a}$ : $Rarrow\{0,1\}$ (i), (ii) (iii) ,
$a\in F$ .
22. $L:Rarrow R$ .
(i) $L(x)=L(-x)$ $\forall x\in R$ ,
(ii) $L(x)=1$ iff $x=0$ ,
(iii) $L$ $[0, +\infty)$ , , $x_{0=} \inf\{X>0|L(x)=0\}$
x .
, $L$ , $x_{0}$ $L$ .
23. $m$ , $\alpha$ . , $L$
. $\tilde{a}$ , $\mu_{\overline{a}}$ : $Rarrow[0,1]$
$\mu_{\tilde{a}}(x)\equiv\max\{L(\frac{x-m}{\alpha}),$ $0\}$ $x\in R$ (1)




24. ( ) $f$ : $R^{n}arrow R$ , $\tilde{a}_{1},\tilde{a}_{2},$ $\cdots,\tilde{a}_{n}$
. , $\tilde{a}\equiv f(\tilde{a}1,\tilde{a}_{2}, \cdots,\tilde{a}_{n})$
$\mu_{\tilde{a}}(y)\equiv\sup\{\min\{\mu\tilde{a}_{1}(_{X_{1}}), \mu_{\overline{a}}2(x_{2}), \cdots, \mu_{\overline{a}}n(X_{n})\}|y=f(X_{1}, X_{2}, \cdots, xn)\}$
.




. , $\sup\{\emptyset\}=-\infty$ .
, $\tilde{a}\equiv(a, \alpha)_{L},\tilde{b}\equiv(b, \beta)_{L}\in F_{L}$ $\lambda\in R$ ,
$\tilde{a}+\tilde{b}\equiv(a+b, \alpha+\beta)L,$ $\lambda\tilde{a}\equiv(\lambda a, \lambda\alpha)_{L}$
.
a , $\alpha\in[0,1]$ . ,
$[\tilde{a}]^{\alpha}\equiv\{$
$\{x\in R|\mu_{\tilde{a}}(x)\geqq\alpha\}$ if $\alpha\in(0,1]$ ,
$\mathrm{c}1\{x\in R|\mu_{\overline{a}}(x)>0\}$ if $\alpha=0$
34
, \alpha a $\alpha-$ . , cl .
$\tilde{a}$ , $\alpha\in[0,1]$ , $\alpha-$ $[\tilde{a}]^{\alpha}$
, $[a_{\alpha}^{L}, a_{\alpha}^{R}]$ . , $a_{\alpha}^{L} \equiv\min\{x\in R|\mu_{\tilde{a}}(x)=\alpha\},$ $a_{\alpha}^{R}\equiv$
$\max\{x\in R|\mu_{\tilde{a}}(x)=\alpha\}$ .
$\tilde{a},$ $b\in \mathcal{F}_{L}$ , we introduce three kinds of binary relations.
2.5. $\tilde{a},$ $\tilde{b}\in$ . ,
$\tilde{a}\underline{\succeq}\tilde{b}$ iff $(a_{\alpha}^{LR}, a_{\alpha})^{\tau}\geqq(b_{a}^{L}, b_{\alpha}R)^{T}\forall\alpha\in[0,1]$ ,
$\tilde{a}\succeq\tilde{b}$ iff $(a_{\alpha}^{LR}, a_{\alpha})^{\tau}\geq(b_{\alpha}^{L}, b^{R})^{T}\alpha\forall\alpha\in[0,1]$ ,
$\tilde{a}\succ\tilde{b}$ iff $(a_{\alpha}^{LR}, a_{\alpha})^{\tau}>(b_{\alpha}^{L}, b_{\alpha}^{R})^{T}\forall\alpha\in[0,1]$
, $\underline{\succeq},$ $\succeq$ $\succ$ . fuzzy $\max$ order, strict fuzzy lnax order
strong fuzzy $\max$ order .
, fuzzy $. \max$ order $\underline{\succeq}$ .
2.1. $\tilde{a}\equiv(a, \alpha)_{L}$ $\tilde{b}\equiv(b, \beta)_{L}$ $L$ , $x_{0}\in R$
$L$ . , .
$\tilde{a}\underline{\succeq}\tilde{b}$ iff $x_{0}|\alpha-\beta|\leqq a-b$ , (2)
$\tilde{a}\succ\tilde{b}$ iff $x_{0}|\alpha-\beta|<a-b$ . (3)
26. $\tilde{a},$ $\tilde{b}$ , .
1. Pos $( \tilde{a}\geqq\tilde{b})\equiv\sup\{\mathrm{m}\ln(\mu\tilde{a}(X))\mu_{\overline{b}}(y))|x\geqq y\}$ ,
2. Pos $( \tilde{a}>\tilde{b})\equiv\sup_{x}\{\inf_{y}\{\min(\mu_{\tilde{a}}(x), 1-\mu_{\tilde{b}}(y))|x\leqq y\}\}$ ,
3. Nes $( \tilde{a}\geqq\tilde{b})\equiv\inf_{x}\{\sup_{y}\{\max(1 - \mu_{\overline{a}}(x), \mu_{\overline{b}}(y))|x\geqq y\}\}$ ,
4. Nes $( \tilde{a}>\tilde{b})\equiv\inf\{\max(1-\mu_{\overline{a}}(X), 1-\mu_{\overline{b}}(y))|x\leqq y\}$ . ’
22. $\tilde{a}$ $\tilde{b}$ , $\alpha\in[0,1]$ . , $\text{ }$
.
(i) $\mathrm{P}\mathrm{o}\mathrm{s}(\tilde{a}\geqq\tilde{b})\geqq\alpha$ iff $a_{\alpha}^{R}\geqq b_{\alpha}^{L}$ ,
(ii) $\mathrm{P}\mathrm{o}\mathrm{s}(\tilde{a}>\tilde{b})\geqq\alpha$ iff $a^{R}\geq b^{R}\alpha 1-\alpha$ ’
(iii) $\mathrm{N}\mathrm{e}\mathrm{s}(\tilde{a}\geqq\tilde{b})\geqq\alpha$ iff $a_{1-\alpha}^{L}\geqq b_{\alpha}^{L}$ ,
(iv) $\mathrm{N}\mathrm{e}\mathrm{s}(\tilde{a}>\tilde{b})\geqq\alpha$ iff $a_{1-\alpha}^{L}\geqq b_{1-\alpha}^{R}$ .
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(FLP) $|\mathrm{s}\mathrm{u}\mathrm{b}\mathrm{i}\mathrm{e}\mathrm{c}\mathrm{t}\mathrm{m}\mathrm{a}\mathrm{x}\mathrm{i}\mathrm{m}\mathrm{i}\mathrm{z}\mathrm{t}_{0}\mathrm{e}x$ $A_{X} \langle_{\tilde{C}x},\rangle_{F},\equiv\sum_{b\leqq X\geqq 0}in,x_{i}=1\tilde{C}_{i}$
, $\tilde{c}\equiv(\tilde{C}_{1},\tilde{C}_{2,n}\ldots,\tilde{C})^{T},\tilde{c}_{i}\equiv(c_{i}, h_{i})_{T}\in\tau_{\tau},$ $i=1,2,$ $\cdots,$ $n$ , $A\equiv(a_{ij})$ $m\mathrm{x}n$
, $b\equiv(b_{1}, b_{2,m}\ldots, b)^{\tau}\in R^{m}$ .
, , $x^{0}=1$ , $L$ 1 ,
$X\equiv\{x\in R^{n}|Ax\leqq b, x\geqq 0\}$ .
(FLP) ,
. (FLP) , .
3.1. (FLP) $x^{*}\in X$ , $x\in X$ , $\langle\tilde{c}, x^{*}\rangle_{F}\underline{\succeq}$
$\langle\tilde{c}, x\rangle F$ , .
32. (FLP) $x^{*}\in X$ , $\langle\tilde{c}, x\rangle F\succeq\langle\tilde{c}, x^{*}\rangle_{F}$
$x\in X$ , .
33. (FLP) $x^{*}\in X$ , $\langle\tilde{c}, x\rangle F\succ\langle\tilde{c}, x^{*}\rangle_{F}$
$x\in X$ , .
(FLP) $X^{F}$ $X^{wF}$
. , $X^{F}\subseteq X^{wF}$ .
(FLP) , 2 :
(BLP) $\{$
maximize $(\langle c, x\rangle+\langle h, x\rangle, \langle c, x\rangle-\langle h, x\rangle)^{\tau}$ (4)
subject to $Ax\leqq b,$ $x\geqq 0$ ,
, $c\equiv(C_{1}, C_{2}, \cdots, cn)T,$ $h\equiv(h_{1}, h_{2,n}\ldots, h)^{\tau}\in R^{n}$ .
(BLP) , .
34. (BLP) , $x^{*}\in X$ , $x\in X$ ,
$(\langle c, x^{*}\rangle+\langle h, x^{*}\rangle, \langle c, x^{*}\rangle-\langle h, x^{*}\rangle)T\geqq(\langle c, x\rangle+\langle h, x\rangle, \langle c, x\rangle-\langle h, x\rangle)^{\tau}$ ,
.
35. (BLP) , $x^{*}\in X$ , ( $\langle c, x^{*}\rangle+\langle h, x^{*}\rangle,$ $\langle c, x^{*}\rangle$ -
$\langle h, x^{*}\rangle)T\leq(\langle c, x\rangle+\langle h, x\rangle, \langle c, x\rangle-\langle h, x\rangle)^{\tau}$ $x\in X$ , Pareto
.
36
36. (BLP) , $x^{*}\in X$ , ( $\langle c, x^{*}\rangle+\langle h, x^{*}\rangle,$ $\langle c, x^{*}\rangle$ -
$\langle h, x^{*}\rangle)\tau<(\langle c, x\rangle+\langle h, x\rangle, \langle c, x\rangle-\langle h, x\rangle)^{\tau}$ $x\in X$ , Pareto
.
(FLP) (BLP) , . , ,
.
3.1. $x^{*}\in X$ (FLP) , $x^{*}$
(BLP) .
32. $x^{*}\in X$ (FLP) , $x^{*}$
(BLP) Pareto .
33. $x^{*}\in X$ (FLP) ,
$x^{*}$ (BLP) Pareto .
(BLP) 2 , Pareto Pareto
, .
$(\mathrm{L}\mathrm{P}_{\lambda})$ $\{$
maximize $\langle c, x\rangle+\lambda\langle h, x\rangle$
(5)subject to $Ax\leqq b,$ $x\geqq 0$ ,
, $\lambda\in R$ .
, $\lambda\in[0,1]$ , $\langle c, x\rangle+\lambda\langle h, x\rangle=\langle c_{1-\lambda}^{R}, X\rangle$ . , $\lambda\in[-1_{7}0]$
, $\langle c, x\rangle+\lambda\langle h, x\rangle=\langle c_{1+\lambda}^{L}, X\rangle$
32 33 , .
34. $x^{*}\in X$ (FLP) ,
$\lambda\in(-1,1)$ , $x^{*}$ $(\mathrm{L}\mathrm{P}_{\lambda})$ .
35. $x^{*}\in X$ (FLP) ,
$\lambda\in[-1,1]$ , $x^{*}$ $(\mathrm{L}\mathrm{P}_{\lambda})$ .
4.
, (FLP) ,
. , (FLP) , .
(FLP) , .
(P) $\{$ maximize
$(\mathrm{P}\mathrm{o}\mathrm{s}(\langle\tilde{c}, x\rangle F\geqq v), v)^{T}$
(6)subject to $Ax\leqq b,$ $x\geqq 0,$ $v\in\dot{V}$,
37
, $V\equiv[v_{1}, v_{0}],$ $v0 \equiv\max_{x}\in x\langle c, X0R\rangle,$ $v_{1} \equiv\max_{x\in}x\langle C_{1}^{R}, x\rangle$ .
(P) , $z\in R$
2 . , (P) .
(P) Pareto $X^{P}$ . ,
.
4.1. $(x^{*}, v^{*})\in X\cross V$ (P) Pareto $\lambda\equiv \mathrm{P}\mathrm{o}\mathrm{s}(\langle\tilde{C}, x\rangle_{F}*\geqq v^{*})$
. , $x^{*}$ $(\mathrm{L}\mathrm{P}_{1-\lambda})$ , $v^{*}=\langle c, x^{*}\rangle+(1-\lambda \mathrm{I}\langle h, x\rangle*=\langle c_{\lambda}^{R*}, X\rangle$
. , $x^{*}\in X$ $(\mathrm{L}\mathrm{P}_{1-\lambda}),$ $\lambda\in[0,1]$ , $v^{*}\equiv\langle c, x^{*}\rangle+(1-$
$\lambda)\langle h, x^{*}\rangle$
.
. , $(x^{*}, v^{*})$ (P) Pareto , $\lambda=\mathrm{P}\mathrm{o}\mathrm{s}(\langle\tilde{C}, x\rangle_{F}*\geqq$
$v^{*})$ .
’ 41 , $(\mathrm{L}\mathrm{P}_{\lambda})$ (P) .
, (P) Pareto , $(\mathrm{L}\mathrm{P}_{\lambda})$
. , 34, 35 4.1 , .
42. $(x^{*}, v^{*})\in X\cross V$ (P) Pareto , , $x^{*}$
(FLP) . , $\mathrm{P}\mathrm{o}\mathrm{S}(\langle\tilde{C}, x\rangle_{F}*\geqq v^{*})>0$ , , $x^{*}$
(FLP) . ,
42 , – .
(P) , $\mathrm{P}_{0}\mathrm{S}(\langle\tilde{c}, x\rangle F\geqq v)$ $\mathrm{N}\mathrm{e}\mathrm{s}(\langle\tilde{C}, x\rangle F\geqq w)$
, :
(N) $\{$
maximize $(\mathrm{N}\mathrm{e}\mathrm{s}(\langle\tilde{C}, x\rangle F\geqq w), w)^{T}$ (7)
subject to $Ax\leqq b,$ $x\geqq 0,$ $w\in W$,
, $W \equiv[w_{0}, v_{1}])w_{0}\equiv\max_{x\in}x\langle c_{0}, XL\rangle$ .
(N) Pareto $X^{N}$ . ,
.
43. $(x^{*}, w^{*})\in X\mathrm{x}W$ (N) Pareto , $\lambda\equiv 1-\mathrm{N}\mathrm{e}\mathrm{S}(\langle_{\tilde{C}}, x^{*}\rangle_{F}\urcorner\geqq w^{*})$
. , $x^{*}$ $(\mathrm{L}\mathrm{P}_{\lambda-1})$ , $w^{*}=\langle c_{\lambda}^{L*}, X\rangle=\langle c+(\lambda-1)h, x\rangle*$
. , $x^{*}\in X$ $(\mathrm{L}\mathrm{P}_{\lambda-1}),$ $\lambda\in[0,1]$ , , $(x^{*}, w^{*})$
(N) Pareto , $\mathrm{N}\mathrm{e}\mathrm{s}(\langle\tilde{C}, X^{*}\rangle\geqq w^{*})=1-\lambda$ . ,
$w^{*}\equiv\langle c+(\lambda-1)h, x\rangle*$ .
43 , (P) , $(\mathrm{L}\mathrm{P}_{\lambda})$ (N)
. , 34, 35 43 , .
44. $(x^{*}, w^{*})\in X\cross W$ (N) Pareto , , $x^{*}$
(FLP) . , $\mathrm{N}\mathrm{e}\mathrm{s}(\langle\tilde{c}, X^{*}\rangle\geqq w^{*})<1$ , , $x^{*}$
(FLP) .
38
45. $x^{*}\in X$ (FLP) , , $\lambda\in[-1,1]$
, $(x^{*}, \langle c+\lambda\langle h, x^{*}\rangle)$ (P) (N) Pareto .
46. $x^{*}\in X$ (FLP) , , $\lambda\in(-1,1)$
, $(x^{*}, \langle c+\lambda\langle h, x^{*}\rangle)$ (P) (N) Pareto .
4.2, 4.5, 4.4 46 , .
4.1. (FLP) , .
$X^{wF}=\{x\in X|(x, v)\in X^{P}\}\cup\{x\in X|(x, w)\in X^{N},\}$,
$X^{F}$ $=\{x\in X|(x, v)\in X^{P}, \mathrm{P}\mathrm{o}\mathrm{S}(\langle\tilde{c}, x\rangle\geqq v)>0\}\cup\{x\in X|(x, w)\in X^{N}$ ,
$\mathrm{N}\mathrm{e}\mathrm{s}(\langle_{\tilde{C}}, X\rangle\geqq w)<1\}$ .
4.1 , (FLP) , (P) (N)
, , (FLP) (P) (N)
.
, (FLP) $\tilde{Z}$ $\mu_{\overline{Z}}$ : $Rarrow[0,1]$ .
$(x, v)\in X^{P}$ , $\phi(v).\equiv \mathrm{P}\mathrm{o}\mathrm{S}(\langle\tilde{c}, x\rangle F\geqq v)$ . ,
$\Phi$ : $Rarrow[0,1]$
$\Phi(v)\equiv\{$
1if $v\in(-\infty, v_{1})$ ,
$\phi(v)$ $1\mathrm{f}$ $v\in.V$,
$0$ if $v\in(v_{0}, \infty)$
(8)
. , $\Phi(v)$ , (FLP) 2 $v\in V$
. $V=\{v\in V|(x, v)\in X^{P}\}$ , $v\in V$
, $\Phi(v)$ .
, $(x, w)\in X^{N}$ , $\psi(w)\equiv \mathrm{N}\mathrm{e}\mathrm{s}(\langle_{\tilde{C},x\rangle}F\geqq w)$ . ,
$\Psi$ : $Rarrow[0,1]$
$\Psi(w)\equiv\{$
1if $w\in(-\infty, w_{0})$ ,
$\psi(w)$ if $w\in W$,
$0$ if $w\in(v_{1}, \infty)$ .
(9)
. , $\Psi(w)$ , (FLP) ,
$w\in W$ . $W=\{w\in W|(x, w)\in X^{N}\}$ ,
$w\in W$ , $\Psi(w)$ .
, $\tilde{Z}$ $\mu_{\overline{Z}}$ : $Rarrow[0,1]$
$\mu_{\tilde{Z}}(v)\equiv\min\{1-\Psi(v), \Phi(v)\}$ (10)
.
$\mu_{\overline{Z}}$ (i), (ii), (iii)










$0\leqq x_{2}\leqq 100$ ,
(11)








$0\leqq x_{2}\leqq 100$ ,
. , $\lambda\in[-1,1]$ .
,
$X^{wF}=X^{F}=[( \frac{450}{7},100), (100,90)]\cup[(100,90), (150,75)]$




$(5025 -v)/975$ if $39400/9\leqq v\leqq 5025$ ,
$(4990 -v)/930$ if $4060\leqq v\leqq 39400/9$ ,
$(v-3130)/930$ if $47200/13\leqq v\leqq 4060$ ,





, (FLP) , fuzzy
$\max$ order , , . ,
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